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MECHANISM FOR THE FORMATION OF SUGARS FROM FORMALDEHYDE, 
PART I1 

S.A.  Balezin 

ABSTRACT. The au thor ' s  i n t e n t  i s  t o  reaffirm through c l o s e r  
s tud ie s  the  mechanism f o r  t h e  formation of sugars  from fo r -  
maldehyde which he had proposed e a r l i e r ,  bu t  which was d i s -  
puted by a c r i t i c .  The essence of t h e  disagreement i s  t h e  
quest ion of whether t h e  expansion of t h e  volume of  t h e  r e -  
ac t ion  mixture is  the  r e s u l t  o f  t h e  thermal e f f e c t  o r  i s  
caused by t h e  accumulation of an intermediate  product.  
The author maintains t h a t  the  l a t t e r  p o s s i b i l i t y  is indeed 
the  case.  He supports h i s  argument with a desc r ip t ion  of 
h i s  experimental apparatus,  f igures ,  and r eac t ion  systems. 
He reaf f i rms  t h e  v a l i d i t y  of h i s  procedures and of t h e  
d i l a tome t r i c  method f o r  studying t h i s  r eac t ion .  He con- 
cludes t h a t  t h e  thermal changes i n  t h e  volume of t h e  r e -  
ac t ion  mixture are in s ign i f i can t .  
k i n e t i c s  of t he  r eac t ion  can be considered on the  b a s i s  
of volumetric change. 

For t h i s  reason t h e  

After the  publ ica t ion  of my a r t i c l e  [ l ]  "Mechanism f o r  the  Formation o f  i 2 2 8 8 *  
Sugars from Formaldehyde'' an a r t i c l e  was published by Kuzin [2] ,  i n  which he,  
having e a r l i e r  w r i t t e n  about the  mechanism o f  t h e  formation o f  sugars from 
formaldehyde which he proposed, asser ted  t h a t  a l l  of my judgments were based 
on an erroneous i n t e r p r e t a t i o n  of the  data which I had obtained. 

The essence of my a r t i c l e  cons is t s  i n  the  following. Because of t he  f a c t  
t h a t  one molecule of sugar  i s  formed from s i x  molecules of formaldehyde as 
the r e s u l t  of the condensation of formaldehyde, the  r eac t ion  which occurs i n  
the  l i q u i d  phase should be  accompanied by a reduct ion i n  t h e  volume. For the  
purposes o f  studying t h i s  reac t ion  I designed an apparatus -- a d i la tometer  
(Figure 1 ) .  I t  was es tab l i shed  on t h e  b a s i s  of s t u d i e s  t h a t  t he  volume 
decreases sharp ly  a t  the  beginning o f  the r eac t ion  and then begins t o  increase  
slowly, only t o  drop again a f t e r  a t t a in ing  a d e f i n i t e  maximum. 
depic t ing  the  changes i n  volume, which we have c a l l e d  a d i l a tome t r i c  curve, 
is i l l u s t r a t e d  i n  Figure 2 .  

The curve 

The arm a - b of the  curve (sharp reduction i n  volume), as I es tab l i shed  
experimentally,  r e f l e c t s  the s o l u b i l i t y  of  calcium oxide hydrate  (lime) ; the  
arm b - c y  the  so-ca l led  induct ion period, i s  r e l a t e d  t o  the  accumulation of  
the  intermediate  product;  c - d, s p e c i f i c a l l y  t h e  condensation process ,  i s  
the  d i s s o c i a t i o n  of t h e  intermediate  product with the  formation of suga r s ,  
which can be  represented schematically as fol lows:  

* Numbers i n  the  margin i n d i c a t e  pagination i n  the  fore ign  t e x t .  
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AT-+ A' 
A' + BiZ2:F $- 2H,O 
F + S +: FS,'+ H,O 
FS,' + S 3 FS,' + H,O 
FS,' 3 2B 

b- 

. . . . . . . . . . .  . . . . . . . . . . .  

where: A - calcium oxide hydrate  i n  t h e  s o l i d  s t a t e ,  A '  - calcium oxide 
hydrate  i n  so lu t ion ,  B - sugar  molecule, F - sacchara te  molecule, S - hydrated 

molecules of the  intermediate  complex. 

formaldehyde molecule, FSl1FS2(. .. FS5' - embryonic centers  o r ,  i n  o the r  words, 

Fig. 1. Dilatometer 
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Fig. 2. Di la tometr ic  Curve. Experi- 
mental Conditions: 20 grams of C a O ,  
10 m l  of m20, t 45O. 

The processes:  A t' A' - t he  dissolving o f  lime - is  accompanied by a 
reduct ion i n  volume; the  formation of saccharates  and the  accumulation of the  
intermediate  products - F,FS11,FS2', - are accompanied by the  l i b e r a t i o n  of 

t h r e e  water  molecules and an increase  i n  volume, whereupon t h i s  process 
continues as long as formaldehyde molecules e x i s t ,  and then the  intermediate  
complex FS begins t o  d i s soc ia t e  with the formation of sugar  and lime, some 6 
o f  which p r e c i p i t a t e s ,  and then the  volume begins t o  decrease again (arm c - d 
of t h e  d i l a tome t r i c  curve).  

/2289 

A.A. Kuzin, considering tha t  the  process takes p lace  as the  r e s u l t  of the  
formation of endiol  sugars i n  an a lka l ine  medium, which ca ta lyze  the  conden- 
s a t i o n  of formaldehyde, int imated t h a t  the second arm of the  d i l a tome t r i c  
curve which I obtained is  only the  r e s u l t  o f  t he  thermal expansion of t he  
l i q u i d  ( t h e  reac t ion  mixture),  s ince  the condensation of formaldehyde is  
accompanied by t h e  l i b e r a t i o n  of hea t  and t h a t  the  e n t i r e  system o f  the  
mechanism which I proposed f o r  the  condensation of formaldehyde i n t o  sugars  
i s  erroneous, s ince  it is an inaccura te  considerat ion of the  experimental da ta .  
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After  ca re fu l ly  carrying out  numerous t e s t s  on so lu t ions  of formaldehyde 
and sugar  add i t ives ,  used as c a t a l y s t s ,  with varying r a t i o s  of lime, I 
e s t ab l i shed  the  following: 

1. Formaldehyde condenses i n  the  presence of the  hydrates o f  t h e  oxides 
of the  a l k a l i n e  e a r t h  metals,  including lime. The addi t ion  of  monosacharides 
s i g n i f i c a n t l y  acce lera tes  the  r eac t ion  of formaldehyde condensation, bu t  only 
i n  the  presence of lime o r  of o the r  hydrates of a lka l ine  e a r t h  metal  oxides.  

2. During condensation the  s o l u b i l i t v  of  lime increases .  bu t  then /2290 
diminishes somewhat, whereupon some of 
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Fig. 3 .  S o l u b i l i t y  of L i m e  During 
the  Condensation Reactions of Formal- 
dehyde. Key: I - 6 g CaO, 30 m l  
CH20, 0.2 g Glucose, t 40'; I1 - 
Afte r  Treat ing the  Solut ion with C02 

i n  t he  Experiment Represented by 
Curve 1. 

' sb ' f3D 

it p r e c i p i t a t e s  (Figure 3 ) .  The 
s o l u b i l i t y  curve of lime is  i n  agree- 
ment with the  d i l a tome t r i c  curve. This 
ind ica tes  t h a t  lime takes p a r t  not  only 
i n  t h e  c rea t ion  of t he  d e f i n i t e  
a l k a l i n i t y  of t he  medium, which provides 
f o r  t he  formation of t he  endio l  sugars ,  
as acknowledged by Kuzin, b u t  t h a t  
lime, as follows from our  system, a l so  
en ters  i n t o  t h e  intermediate  complex 
(embryonic centers)  a s  a component 
p a r t .  

3 .  The condensation of formal- 
in tire p-i.eseiice of iiilie is 

ac tua l ly  accompanied, as Kuzin noted, 
by the  l i b e r a t i e x  of heat. In  car 
experiments t h e  increase  i n  the  tempera- 
t u re  va r i ed  within the  l i m i t s  o f  0 .9  t o  
1.40°, depending on t h e  r a t i o  of t he  
quan t i t i e s  of  lime and formaldehyde, 
whereupon t h e  maximum inc rease  i n  
temperature p r a c t i c a l l y  coincided with 
the  peak of the  d i l a tome t r i c  curve. 

By knowing the  temperature coe f f i c i en t  of t h e  expansion of water ( so lvent ) ,  
t h e  volume of the  vesse l ,  diameter of the c a p i l l a r y ,  which i s  used t o  measure 
t h e  changes i n  the  volume of the  l i q u i d ,  it is  easy t o  ca l cu la t e  the  change i n  
i t s  volume r e s u l t i n g  from the  thermal e f f e c t .  

My d a t a  a r e  shown i n  t h e  t a b l e .  

These da ta ,  represented graphica l ly  i n  Figure 4, show a t  a glance t h a t  the  
expansion of the volume as a r e s u l t  o f  the thermal e f f ec t  is  r e l a t i v e l y  small .  
The a s s e r t i o n  of Kuzin t h a t  t he  change i n  volume is only t h e  r e s u l t  of t h e  
thermal expansion of the l i q u i d  is not cor rec t ,  and h i s  conclusion, which i s  
c r i t i c a l  of  a l l  of our  work, is  completely without foundation. 

The l a rge  amounts of experimental work which I conducted a f t e r  t he  
pub l i ca t ion  of Kuzin's a r t i c l e  enables me t o  submit with complete j u s t i f i c a t i o n  
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Time i n  Min. 

Fig. 4. Changes i n  Temperature 
and Volume as a Function of t h e  
Thermal Ef fec t  of the  Reaction 
and as a Resul t  of Condensation. 
Experimental Conditions : 3 g 
Ca(OH),, 30 m l  of  40% CH,O 

t h a t  t h i s  c r i t i q u e  is not  v a l i d  and t o  have /2291 
the  s a t i s f a c t i o n  once again of  being 
convinced i n  the v a l i d i t y  of  t h e  conden- 
sa t ion  mechanism of formaldehyde i n t o  
sugars i n  t h e  presence of  t he  hydrates  of 
t he  a lka l ine  e a r t h  metal  oxides which I 
have propounded. 

I wish t o  take  t h i s  opportuni ty  t o  
express my deepest g r a t i t u d e  t o  Professor  
Kuzin f o r  h i s  review of my work, s ince  h i s  
c r i t i c i sm prompted me t o  undertake a la rge  
amount of  experimental work which not  only 
completely confirmed my first proposal of 
the  mechanism of  the condensation of  
formaldehyde, but  which produced new 
mater ia l  which served  as t h e  b a s i s  f o r  the 
creat ion of the monograph f o r  t h i s  problem 
131. 

Conclusions 

1 1. The method proposed by the  author 
f o r  the study of the  k i n e t i c s  of  the  con- 
densation of  feixaldehyde tc! sl-igars was 
re- examined. 

2.  That t he  d i l a t o m e t r i c  method of 
inves t iga t ing  t h i s  r eac t ion  is  completely 
va l id  f o r  t h e  s tudy of k i n e t i c s  has been 
proved. 

Solut ion,  0.2 g of Glucose. 3.  I t  has been shown t h a t  t h e  thermal 
Key: I - Changes i n  Tempera- changes i n  the  volume o f  t h e  r eac t ion  
t u r e ;  I 1  - Changes i n  Volume as mixture have no e f f e c t  on the  o v e r a l l  
a Result  of the  Thermal Effect; 
I11 - Dilatometr ic  Curve. 

L L 

process of t he  change i n  volume and, 
consequently , make i t  poss i b  l e  t o  judge 
t h e  k i n e t i c s  of the  r eac t ion  on t h e  bas i s  
of i t s  change. 

No. of Rat io  o f  Increase i n  Tempera- Increase i n  Vol- Changes i n  volume 
t e s t s  CH20 i n  t u r e  r e s u l t i n g  from ume r e s u l t i n g  by d i l a tome t r i c  

r eac t ion  ( i n  degrees) from thermal curve ( in  m through 
e f f ec t  ( i n  mm cap i l l a ry )  

capi  11 ary) 

m l  t o  
Ca (OH) 2 through 

8 20/3 0.95 
9 30/4 1.1 

10 30/ 3 1.0  
11 35/5 1 . 4  

~- ~~ 

25 
29 
26.5 
37 

125 
125 
150 
151 
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